VETERINARY CLINICAL CARDIOVASCULAR MEDICINE
INSIGHT INTO ELECTROPHYSIOLOGY THAT IS NOT UNIQUE TO DOGS
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INTRODUCTION

Cardiac pacemaker implantation for therapeutic purposes in dogs was
first reported in 1968," and the transvenous approach has been stan-
dard practice since the 1990s.” A dog that had received a transvenous
bipolar, ventricular paced, ventricular sensed, inhibited (VVI) pace-
maker for syncopal third-degree atrioventricular (AV) block at age
2 years was reevaluated periodically. At age 6 years, a supraventricular
tachycardia (SVT) was identified, and the arrhythmia was confined to
the left atrium (LA), as confirmed with transthoracic two-dimensional
(2D) and spectral Doppler echocardiography. An SVT confined to the
LA has not been documented previously in dogs.

CASE PRESENTATION

During a routine veterinary cardiology follow-up appointment, a 6-
year-old female border terrier dog was found to have an SVT that
was confined to the LA. When the dog was 2 years old, the dog’s
owner had reported seeing the dog collapse into a recumbent position
and be unresponsive for 10-15 seconds after light exercise. These
syncopal episodes then had recurred four times in 2 weeks. An elec-
trocardiogram (ECG) had revealed third-degree AV block, with an
atrial rate of 180/minute and ventricular and junctional escape com-
plexes occurring at a rate of 40-60/minute. Although this was young
for developing third-degree AV block (mean age in dogs,
8 = 3 years),” the arrhythmia had been considered idiopathic; there
had been no evidence of systemic illness that could be associated
with myocarditis on physical examination, complete blood count,
serum biochemistry profile, or thoracic radiographs. Serologic titers
for infectious diseases had not been performed given the lack of clin-
ical signs to suggest such diseases and their very low prevalence in the
dog’s home area.
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Echocardiography at first admission had revealed an increased in-
dexed diastolic volume of the left ventricle (LV), a normal indexed
systolic volume of the LV, an increased left ventricular ejection frac-
tion, and an increased indexed LA diameter (Table 1).* The right
atrium and ventricle subjectively had appeared to have similar
changes, and all had been attributed to bradycardia-associated volume
overload of cardiac chambers. Small amounts of diastolic but not sys-
tolic mitral and tricuspid regurgitation had been identified and attrib-
uted to third-degree AV block. The dog had been treated with
transvenous VVI pacemaker implantation (Figure 1).

Recovery from pacemaker implantation had been uneventful, and
no episode of collapse had occurred thereafter. Three months postop-
eratively, a follow-up echocardiogram had shown that the right-sided
and LV changes had resolved but the indexed LA diameter had re-
mained slightly increased. Progressive LA enlargement had been
noted on every echocardiogram subsequent to the first recheck echo-
cardiogram performed after pacemaker implantation. Two-dimen-
sional echocardiography at 6 years of age revealed dyssynchronous
motion of the mitral and tricuspid valves. There was a rapid fluttering
motion of the mitral valve (Video 1) associated with supraventricular
fibrillatory conduction (600/minute) on ECG® (Figure 2). A small
amount of systolic mitral regurgitation was apparent on color flow
Doppler interrogation (Video 2). By contrast, the motion of the
tricuspid valve (Video 1) was consistent with respiratory sinus
arrhythmia, third-degree AV block, and ventricular pacing. Trace
tricuspid regurgitation was attributed to the presence of the pace-
maker lead across the valve. On pulsed-wave Doppler interrogation
of transmitral flow, high-frequency (600/minute), small (<0.2 m/
sec) A waves were apparent, dissociated from E waves (Figure 3).
Conversely, transtricuspid interrogation revealed no evidence of rapid
A waves; rather, the amplitude and rate of the A waves were within
physiologic limits for respiratory sinus arrhythmia in dogs. A lack of as-
sociation between transtricuspid E and A waves likewise was consis-
tent with AV dissociation, as expected with VVI pacing. Overall,
these Doppler findings were congruent with 2D findings, and both
were consistent with SVT confined to the LA (atrial dissociation),
third-degree AV block, and ventricular pacing. The dog was not
receiving any medications. The dog was active, without evidence of
exercise intolerance. These findings were again present on a recheck
evaluation performed 3 months later.

At the time of preparation of this report, the dog is 8.5 years old
(6.5 years postop), active, and free of syncope and signs of congestive
heart failure, despite marked LA enlargement and a dramatic increase
in diastolic left ventricular volume when last evaluated (Table 1).

DISCUSSION

Most dogs that require cardiac pacing have third-degree AV block or
sinus node dysfunction. The atrial rhythm in dogs with third-degree
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VIDEO HIGHLIGHTS

Video 1: Left apical four-chamber echocardiographic view
showing a rapid fluttering motion of the mitral valve and normal
motion of the tricuspid valve for a dog with third-degree AV
block and VVI pacing. There is marked left atrial enlargement,
normal 2D appearance of mitral and tricuspid valve structure,
and subjectively normal right and left ventricular systolic func-
tion. The pacemaker lead occasionally is seen in the right
ventricle. This video clip has been flipped horizontally after
acquisition (mirror image from its original acquisition) to match
the standard for this view.

Video 2: Left apical four-chamber echocardiographic view
showing mild mitral regurgitation and other findings as noted in
Video 1.

View the video content online at www.cvcasejournal.com.

AV block that require permanent pacemaker implantation typically is
sinus rhythm; atrial fibrillation and atrial standstill also have been re-
ported in dogs with third-degree AV block.

In this dog, spontaneous supraventricular fibrillatory conduction (a
term indicating fibrillation that does not affect both atria)® was docu-
mented to have begun in association with cardiac chamber enlargement
and several years after the onset of the dog's third-degree AV block. The
echocardiogram demonstrated that atrial dissociation was present
because the tachyarrhythmia involved only the LA: spectral Doppler
interrogation identified changes consistent with the arrhythmia across
the mitral valve but not across the tricuspid valve. Artifact was consid-
ered as a possible cause of the transmitral spectral Doppler signals but
was considered unlikely given the repeatability of the finding and the
similar rate of the A waves compared with both the ECG findings
and the excursions of the mitral valve on the 2D echocardiogram.

The present case is unusual because SVTs seldom are reported to
be confined to a single atrium in dogs. Cases have been reported of
dogs with atrial standstill confined to the LA’ and with atrial

Table 1 Echocardiographic measurements
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dissociation during sinus rhythm.® Doppler echocardiographic profiles
associated with such rhythm disturbances have been documented,””
whereas changes like those noted in the present case have not. Atrial
fibrillation that is confined to one atrium has been documented in hu-
mans, including with Doppler echocardiographic confirmation as in
the present case.'”

The cause of the dog’s structural and functional cardiac changes re-
mains unknown. It could have been suspected initially that this dog had
an atrial myopathy. A breed-associated atrial myopathy has been
described in the English springer spaniel'! '%; an association between
the border terrier breed and a specific type of atrial myopathy has
not been demonstrated, but this could be partly because the border ter-
rier is not a common breed (97th of 193 breeds listed in 2021)."* An
infectious cause was unlikely given the low prevalence in the dog’s
home area of infectious diseases that can affect the heart and lack of
relevant abnormalities on physical examination, but myocarditis has
been documented in a dog with third-degree AV block and concurrent
atrial flutter.” The presence of LV dilation indicates a cardiac disease
process that involved more than just the LA. Differential diagnoses
include pacemaker syndrome and cardiomyopathy.

CONCLUSION

In this dog with severe LA enlargement, an SVT developed and con-
current atrial dissociation caused the tachyarrhythmia to be confined
to the LA. The dog’s third-degree AV block provided a fortuitous pro-
tective mechanism to prevent the SVT from affecting the ventricles.
This case illustrates the central role that echocardiography can play
in the identification of abnormal mechanical atrial function and atrial
dyssynchrony in dogs. This case also shows that animal models of hu-
man disease, which traditionally have revolved around changes
induced in an experimental setting, can exist with spontaneously
occurring cardiovascular disorders identified in veterinary practice.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.case.2021.12.001.

Dog’s age, years

2" 2.25

LVVd, ml/kg 3.75 2.41
95% ref int, mL/kg 1.45-2.99

LVVs, mL/kg 0.62 0.61
95% ref int, mL/kg 0.4-1.35

LVEF, % 83 75
95% ref int, % 46.7-80.7

LAD-LAX/weight®-3%° 1.87 1.62
95% ref int, cm/kg®3%° 1.19-1.56

2.5 4.5 5.5 6.5" 8.25
34 3.65 3.61 3.44 7.2
1.04 1.21 1.43 1.87 1.86
69 67 60 46 74
1.96 2.16 2.31 2.36 3.34

LAD-LAX, Left atrial diameter measured on the right parasternal long-axis four-chamber view; LVEF, left ventricular ejection fraction; LVVd, diastolic
left ventricular volume, calculated using Simpson’s rule and indexed to body weight; LVVs, systolic left ventricular volume, calculated using Simp-

son’s rule and indexed to body weight; ref int, reference interval.

*Initial evaluation due to syncopal third-degree AV block, immediately followed by pacemaker implantation.

TTachycardia diagnosed.
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Figure 1 Lateral (A) and posterior-anterior (dorsoventral) (B) thoracic radiographs obtained when SVT was identified (age 6.5 years),
showing the typical appearance of a transvenous pacemaker in a dog. The lateral image is shown in standard veterinary orientation,
with anterior (ventral) at the bottom of the image and superior (cranial) to the left. The lead enters the circulation through the right
external jugular vein, the generator is placed in a subcutaneous pocket over the posterior neck (where it cannot be scratched at
by a hind limb), and abundant redundancy is evident in the segment of the lead within the right atrium to reduce the risk of lead dislodg-
ment from wide head excursions in a longer-necked species of patient. Evidence of marked left atrial enlargement is apparent on both

projections.
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Figure 2 Twelve-lead ECG® showing supraventricular fibrillatory conduction (600/minute) in a dog with third-degree AV block and bi-
polar VVI pacing at 60/minute. P waves are visible in leads Il and lll (rate, 120/minute); 25 mm/sec, 1 cm =1 mV.
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Figure 3 Pulsed-wave Doppler interrogation of transmitral (A) (left apical five-chamber view) and transtricuspid (B) (left cranial long-
axis view) flow. (A) Transmitral E waves (arrows) consistent with ventricular pacing at 60 beats/minute, and high-frequency, low-ampli-
tude A waves (arrowheads, 600/minute) are apparent. (B) Transtricuspid E (arrows) and A (arrowheads) waves are present, indicating
AV dissociation; there is no evidence of fibrillatory conduction.
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